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 1 
ABSTRACT 2 
Rispail, N. and Rubiales, D., 2013. Identification of sources of quantitative resistance to 3 
Fusarium oxysporum f. sp. medicaginis in Medicago truncatula. Plant Disease. 4 
 5 
 6 
In this work we studied the resistance of 267 Medicago truncatula accessions against the 7 
soilborne pathogen Fusarium oxysporum, one of the major constraints of forage and grain 8 
legume worldwide. The initial screening of the collection revealed a large range of disease 9 
response from completely resistant to highly susceptible to one strain of F. oxysporum f. sp. 10 
medicaginis (Fome). As a result, 26 accessions were identified as resistant, 9 as susceptible 11 
and all the other accessions as partially resistant. The phenotype of 12 resistant accessions 12 
was then confirmed in two independent experiments on a selection of 23 accessions. 13 
Inoculation with a different Fome isolate indicated that the resistance phenotype was stable 14 
since accessions response to both Fome strain followed similar trends. On the other hand, 15 
grouping accessions according to their geographic origin did not reveal foci of resistance 16 
supporting that resistance arose from independent events. The identification of 12 resistant 17 
accessions will be useful for further cellular and molecular studies to unravel the bases of 18 
resistance to F. oxysporum in this model species and to transfer resistance to legume crop.  19 
 20 
Additional Keywords: Barrel medic; Medicago truncatula; Fusarium oxysporum f. sp. 21 
medicaginis; Genetic resistance; Quantitative resistance; Model legume 22 
 23 
 24 
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 1 
 2 
Fusarium oxysporum Schlecht (Snyd. & Hans.) is a ubiquitous soilborne ascomycete 3 
fungus that causes vascular wilt disease on more than 100 plant species, provoking severe 4 
losses in important crops including banana, melon, tomato, chickpea and pea (19,27). 5 
Despite its apparent broad spectrum, the pathogenic interaction of F. oxysporum with its 6 
host is highly specific leading to the definition of more than 120 forma specialis each of 7 
which cause disease in a more restricted number of plant species (19). In absence of the 8 
host, F. oxysporum can survive in the soil for extended periods, mainly in the form of thick-9 
walled chlamydospores. Upon F. oxysporum germination and host recognition, the 10 
elongating hyphae attach to the host root and penetrate it directly without formation of any 11 
distinctive structure (6,37). After host root penetration, the infective hyphae grow through 12 
the cortex both inter- and intracellularly until it reaches the vascular bundle and extensively 13 
invades the xylem vessels using them as avenues to rapidly colonise the aerial part of the 14 
host plant (4,5). The extensive colonization of xylem vessel by the pathogen associated 15 
with a severe water stress led to the characteristic wilt symptoms and ultimately to 16 
complete plant death after which pathogenic hyphae grow outward from the vascular tissue 17 
and begin to intensely sporulate on plant surface (12).  18 
 19 
F. oxysporum is one of the major constraints of forage and grain legume worldwide 20 
(23). Several races and pathotypes have been identified for most legume-infecting forma 21 
specialis based on their virulence on subsets of differential hosts and their molecular and 22 
genetic characterisation (23). Thus four races have been identified so far in F. oxysporum f. 23 
sp. pisi (23) and eight races and two pathotypes in F. oxysporum f. sp. ciceris (24). By 24 
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contrast, no physiological specialization has been described so far for F. oxysporum f. sp. 1 
lentis or F. oxysporum f. sp. medicaginis (15,23). As for many soilborne pathogenic fungi, 2 
control of this disease is difficult and requires the integration of different disease 3 
management procedures among which breeding for resistance is the safest and most 4 
effective method (28). Fortunately, resistance to F. oxysporum have been described for 5 
most legume crops (23). In most cases, resistance is mono- or oligogenic although 6 
quantitative resistance has also been described in pea (3,21,23,39). This allows developing 7 
resistant cultivars to control the disease (23). However, monogenic resistance can be 8 
rapidly overcome by the emergence of new pathogen variants as observed in chickpea 9 
requiring a continuous search for novel resistance sources (39). Although more difficult to 10 
handle, actual breeding programs would gain of incorporating resistance sources with 11 
quantitative and polygenic mechanisms that are more difficult to overcome by the 12 
pathogens and contribute to improve the durability of resistance. On the other hand, 13 
relatively little is known on the cellular and molecular basis of F. oxysporum in legumes. 14 
Studies in tomato and pea crops and with the model plant Arabidopsis thaliana indicated 15 
that inoculation of resistant plants with F. oxysporum induced a wide range of anatomical 16 
and biochemical responses that efficiently block pathogen infection including cell wall 17 
strengthening, localized cell wall apposition and accumulation of gum, tylose and/or 18 
phytotoxic substances (4,26,31). However, the resistance mechanisms acting in specific 19 
resistant accessions remain elusive (43). A better understanding of the molecular and 20 
cellular basis of F. oxysporum resistance in legume is thus crucial to direct breeding 21 
strategies and contribute to a more efficient and durable breeding for resistance.    22 
 23 
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Barrel medic (Medicago truncatula L.) is an important pasture legume (10) that has 1 
recently emerged as a model plant species for structural and functional genomics (9,18). M. 2 
truncatula is closely related to the cultivated alfalfa and to other legumes such as pea, 3 
chickpea, faba bean and lentils. This close phylogenic relationship increases the value of M. 4 
truncatula as a resource for understanding the important agronomic traits of grain and 5 
forage legumes (36). M. truncatula can be infected by a number of legume pathogens 6 
which make it an ideal candidate to improve our knowledge on disease resistance to these 7 
important legume diseases as a first step toward the transfer of resistance from model to 8 
crop (36). This model legume has been already used to dissect the genetic, cellular and/or 9 
molecular basis of the resistance to several plant pathogens such as the fungi Erysiphe pisi 10 
(1,34), Colletotrichum trifolii (40,42), and Uromyces striatus (7,38), the oomycete 11 
Aphanomyces euteiches (8,32,33), the bacteria Ralstonia solanacearum (41) and the 12 
parasitic plant Orobanche crenata (13,16). A recent study also used M. truncatula to gain 13 
information on the Fusarium wilt disease caused by F. oxysporum f. sp. medicaginis (35). 14 
This study provided valuable information on molecular and cellular aspects of the M. 15 
truncatula-F. oxysporum interaction in the context of susceptibility. However, they did not 16 
identify resistant M. truncatula genotypes (35). Identification and characterisation of 17 
resistant accessions are necessary for a better understanding of the molecular basis 18 
underlying resistance. To this aim, we undertook a screening of a wide collection of M. 19 
truncatula accessions from a worldwide origin to identify resistance to F. oxysporum f. sp. 20 
medicaginis. This approach allowed identifying 12 accessions with complete resistance to 21 
the disease together with a large number of M. truncatula accessions carrying various 22 
degrees of partial resistance that will no doubt contribute to improve our understanding of 23 
resistance mechanisms to F. oxysporum.   24 
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 1 
   2 
MATERIAL AND METHODS 3 
 4 
Fungal isolates and culture conditions 5 
 6 
F. oxysporum f. sp. medicaginis (Fome) isolates MIAE01129 (Fome1) and MIAE00930 7 
(Fome2) were obtained from the MIAE collection of UMR1347 Agroecology, INRA Dijon, 8 
France http://www2.dijon.inra.fr/umrmse/spip.php?rubrique47). Fome2 was used in all 9 
experiments while Fome1 was used to test the stability of the resistance phenotype of 10 
selected M. truncatula accessions between Fome isolates. The fungal strains were routinely 11 
stored as microconidial suspensions at –80ºC with 30% glycerol. For microconidia 12 
production, cultures were grown in potato dextrose broth (PDB; Difco, Detroit, MI) at 28 13 
ºC with shaking at 170 rpm (11).  14 
 15 
Plant material and growth conditions 16 
 17 
 A collection of 267 accessions of Medicago of worldwide distribution, kindly provided 18 
by USDA-ARS, USA germplasm collection, was used in this study (Supplemental Table 19 
1). The collection contained mainly wild accessions (78%) although several cultivars and 20 
breeding material were also included (Supplemental Table 1).  21 
 22 
M. truncatula seeds were wrapped in wet filter paper in a petri dish, stratified for 2 days 23 
at 4 °C in the dark and incubated at 20 ± 2 °C until germination. Once germinated, 24 
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seedlings were transferred to pots (36 cm
2
 x 8 cm) containing sterile vermiculite (1-3 mm 1 
Ø) and grown in a controlled environment chamber under a 16/8 h light-dark photoperiod at 2 
25 ºC days/ 22 ± 2 °C night temperature regime with 200 µmol m
-2
 s
-1
 of illumination. 3 
Plants were watered every three days with tap water and weekly with Hoagland nutrient 4 
solution (22). 5 
 6 
Inoculation and disease assessment 7 
 8 
Twenty-day-old M. truncatula seedlings (two-three leaves) were inoculated following a 9 
modified version of the dip technique described by Haglund (20). For this, roots were 10 
cleaned out of vermiculite and dipped for 30 min in a suspension containing 5 x 10
6
 11 
microconidia per ml of water. Control plants treated in the same way were immersed in 12 
sterile water. Seedlings were planted in individual 50 ml tubes containing autoclaved 13 
vermiculite and maintained in above mentioned growth chamber.  14 
 15 
Screening of the whole collection was first performed on five seedlings per M. 16 
truncatula accessions using the Fome2 isolate. Then, the susceptibility/resistance reaction 17 
was confirmed with the same isolate on a selection of 23 accessions of M. truncatula, 18 
including highly resistant, partially resistant and susceptible accessions on 2 independent 19 
experiments with 5 plants per accession and experiment. Fome symptoms were rated every 20 
three days from 8
th
 to 35
th
 days postinoculation (dpi) with a scale from 1 to 10, 21 
corresponding to the following phenotypes: 1= healthy plant (no symptoms), 2= first leaf 22 
chlorosis, 3= < 25% of the leaves showing symptoms (both leaf chlorosis and necrosis), 4= 23 
<50% of the leaves with symptoms, 5= <75% of the leaves showing symptoms, 6= between 24 
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75 and 100% of the leaves with symptoms, 7= 100% of the leaves with symptoms, 8= 1 
100% of the  leaves with necrosis, 9= initiation of stem and petiole drying and collapsing, 2 
10= dead plants. These data were used to calculate the area under the disease progression 3 
curve (AUDPC) as described previously (3).  4 
 5 
Statistical analysis 6 
 7 
Screening of the whole collection for Fome2 resistance was performed with 5 8 
replications per accession and the results were confirmed in the selected accessions in two 9 
additional independent experiments. Assessment of Fome1 was performed with 10 10 
replications and two independent experiments. To analyse the significance of the 11 
differences in disease rating between M. truncatula accessions to Fome, all data were 12 
subjected to a One-way analysis of variance (One-way ANOVA). Whenever this test was 13 
statistically significant (p ≤ 0.05), contrast analysis (Scheffe) assessing the differences of 14 
the means between each accession with the resistant accession PI 577600 or the susceptible 15 
PI 239878 were performed.  16 
 17 
RESULTS 18 
 19 
On the highly susceptible accessions such as PI 239878 and PI 577607 initial 20 
symptoms appeared on the first leaf around 7 dpi and sequentially reached the later-formed 21 
leaves until the whole plant withers and dies. This sequential appearance of disease 22 
symptoms allowed us to evaluate the plants according to the 1 to 10 disease scale described 23 
in Materials and Methods (Fig. 1A). Observation of the disease progression show three 24 
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types of disease evolution (Fig 1B): susceptible accessions including PI 577607 and PI 1 
239878 showed symptoms evolving rapidly with disease ratings higher than 5  at 10 dpi 2 
and being almost dead at 20 dpi (Fig. 1B). Resistant accessions such as PI 577600 and P 3 
I577618 showed nearly no symptoms over the whole evaluation period with disease ratings 4 
under 4 at 30 dpi. Intermediate reaction including the accessions W6 5978, W6 5964 and 5 
A17 showed symptom development ranging between the two later (Fig. 1B). Classification 6 
of accessions according to their AUDPC values showed a larger variety of responses from 7 
resistant to susceptible following a Gaussian distribution of the accessions indicative of the 8 
presence of quantitative mechanisms (Fig. 1C). Comparison of the AUDPC values obtained 9 
for each accession allowed separating different broad categories of disease responses and to 10 
set the limits of these groups (Fig. 1C and Supplemental Table1). Contrast analysis 11 
identified 26 accessions that were not significantly different from the resistant accessions PI 12 
577600 (Table 1). Among them, eight accessions (3%), including the resistant reference PI 13 
577600, developed nearly no symptoms and were characterised by AUDPC values lower 14 
than 25 and disease indexes <1.3 at 10 dpi, <2 at 20 dpi and <3.5 at 30 dpi. These 15 
accessions were considered as highly resistant (Fig 1C and Supplemental Table 1) while the 16 
other 18 accessions (6.7%), showing AUDPC values between 25 and 50 and disease 17 
indexes <2 at 10 dpi, <4 at 20 dpi and <6 at 30 dpi, were considered as resistant. On the 18 
other hand the contrast analysis identified nine accessions (3.4%) that were not 19 
significantly different from the susceptible accession PI 239878. These accessions were 20 
characterised by AUDPC values higher than 175 and disease indexes >4 at 10 dpi, >7 at 20 21 
dpi and >7.9 at 30 dpi and were considered as susceptible. Finally, 232 accessions (86.9%) 22 
showed AUDPC values between 50 and 150 and were considered as partially 23 
resistant/susceptible (Fig 1C and Supplemental Table 1).    24 
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 1 
Classification of M. truncatula accessions according to their type showed moderate 2 
level of resistance for both categories with wild accessions presenting slightly higher mean 3 
AUDPC values (AUDPC=104.5) than cultivated or breeding materials (AUDPC=92.7) 4 
(Fig. 2A). Since the collection contains accessions of M. truncatula from many different 5 
countries, we tested whether the resistance was focused on a specific geographic location or 6 
whether it occurred independently worldwide. For this purpose, we classified the wild 7 
accessions according t  their geographic origins. Classification according to their origin 8 
showed homogeneous distribution of the resistance (Fig. 2B). With the exception of 9 
accessions from the Middle East (Turkey and Lebanon) that tended to be more susceptible 10 
to Fome2 with mean AUDPC values of 146.5 and 235 respectively, accessions from all 11 
other origins presented moderate levels of resistance with mean AUDPC values ranging 12 
from 88 for Tunisia to 118.6 for Morocco (Fig. 2B).    13 
 14 
After the first screening, a selection of 23 accessions including 18 resistant, 2 partially 15 
resistant and 3 susceptible accessions was evaluated again with Fome2 in two independent 16 
experiments with 5 plants per accession in each (Table 1). This assessment, allowed 17 
confirming the complete resistant phenotype of 12 accessions out of the 18 selected 18 
resistant accessions that presented AUDPC values lower than 50 and no statistical 19 
difference with PI 577600, the resistant reference (p ≤ 0.05) (Table 1). The other 7 20 
accessions showed high grade of partial resistance showing disease index <4 at 20 dpi and 21 
<5.5 at 30 dpi but slightly higher values (>2) than the usual of the resistant group. This led 22 
to AUDPC values higher than 50 but lower than the values of the partial resistant accession 23 
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PI 442895 and PI 28366 and largely lower than the 181.31 AUDPC value of the susceptible 1 
reference PI 239878 (Table 1).   2 
 3 
To test whether the resistance response was maintained against other Fome isolates, we 4 
assessed disease development on 12 selected accessions following inoculation by Fome1 5 
and Fome2 isolates (Fig. 3). Fome1 isolate showed less virulent than Fome2. Thus, disease 6 
severity, estimated by the AUDPC values, only reached 64.2 for the most susceptible 7 
accession PI 577607 in response to this second isolate (Fome1) which was much lower than 8 
the 216.6 AUDPC value calculated for this accessions in response to the original isolate 9 
(Fome2) (Fig. 3). Despite the lower severity observed following challenged with Fome2, 10 
plant response to both isolates followed similar trends so the most resistant accession to 11 
Fome2 were also the most resistant to Fome1 and the most susceptible accessions to Fome2 12 
were so to Fome1. Only one accession, W6 5964, had a differential response between 13 
isolates showing partial resistance to Fome2 but a high resistance response to Fome1. 14 
 15 
DISCUSSION 16 
 17 
In the present study resistance against F. oxysporum f. sp. medicaginis was assessed in 18 
a large M. truncatula collection and revealed a wide range of disease response from 19 
completely resistant to highly susceptible with most M. truncatula accessions showing 20 
moderate to low level of resistance to the pathogen. In addition, we identified 12 21 
completely resistant accessions that may be highly valuable for breeding and to improve 22 
our understanding of the resistance mechanisms leading to F. oxysporum resistance in 23 
legumes. 24 
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 1 
F. oxysporum f. sp. medicaginis have been described to be the causal agent of both 2 
vascular wilt and root and crown rot in alfalfa (15,25). Fusarium wilt disease causes a series 3 
of external symptoms including vein clearing, leaf epinasty, wilting, chlorosis, necrosis, 4 
and abscission leading to the complete plant wilting and death (29). By contrast, root and 5 
crown rot is characterised by cortical necrosis, stellar necrosis and vascular browning of the 6 
root (14). Here inoculation with two Fome isolates allowed detecting a combination of the 7 
typical fusarium wilt symptoms in the susceptible and partially resistant accessions of M. 8 
truncatula which indicate that the Fome isolates used here induce fusarium wilt and not 9 
root rot (Fig. 1A). 10 
 11 
 The detection of clear fusarium wilt symptoms allowed the development of our 12 
methodology based on plant symptoms to evaluate the M. truncatula collection. Most 13 
previous studies on virulence of Fome isolates were performed on alfalfa (2,15,17). In these 14 
studies, disease rating was performed on adult plants according to the degree of tap root 15 
internal discoloration (15). This method requires the transversal section of the tap root 16 
which is very difficult to perform on plant with thin root system such as M. truncatula 17 
seedlings. Thus in this later plant species evaluation of the leaf symptoms were preferred 18 
((35); this study). In a previous work Ramirez-Suero et al. (35) monitored the susceptibility 19 
to Fome of 8 lines of M. truncatula in a miniature hydroponic culture system. In this work 20 
the disease symptoms of inoculated M. truncatula plants were scored with a visual scale 21 
ranging from 0 to 5 according to appearance of chlorosis and necrosis on cotyledons and 22 
first leaves which allow them identifying one line (F83005.5) with moderate resistance to 23 
Fome (35). While this method was successful to establish susceptibility on very young 24 
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plantlets, it was very difficult to apply to older seedlings. Indeed, past the seedling 1 
establishment period, M. truncatula show a very profuse growth, while fusarium wilt 2 
symptoms appearance is a progressive event. Thus, a single inoculated plant often showed a 3 
mixture of phenotypes including healthy, yellowing, chlorotic, necrotic and dead leaves. In 4 
addition, cotyledon necrosis was often observed on older healthy plants which impede to 5 
use this parameter on older plants (data not shown). Thus we adapted a new scale with a 6 
higher number of grade (from 1 to 10) to take into account not only the presence of 7 
symptoms and the extent of diseased leaves but also the ultimate stages of disease 8 
progressions including the stem external discoloration and withering that are visible just 9 
before plant death (Fig. 1A).    10 
 11 
The screening for Fome resistance of the M. truncatula collection with this modified 12 
scale revealed that it contained sufficient genetic variation to detect a wide range of 13 
responses to Fome from complete resistance to high susceptibility (Table 1 and 14 
Supplementary Table 1).The screened collection is composed of M. truncatula accessions 15 
collected throughout the world although most accessions came from countries of the 16 
Mediterranean Area including Algeria, Morocco and Tunisia (Supplemental Table 1). 17 
Resistance has been found from most worldwide location including Morocco, Tunisia, 18 
Greece and Italy (Fig. 2B and Supplemental Table 1). Resistant and susceptible accessions 19 
were often found in nearby area. This would indicate that resistance to Fome did not 20 
originate from a precise world region which is confirmed by the analysis of accession’s 21 
response to Fome according to their geographic origin (Fig. 2B).  This was similar to the 22 
situation found by Mc Phee et al. (30) in pea against two different races of F. oxysporum f. 23 
sp. pisi. 24 
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 1 
Resistance to legume-infecting F. oxysporum has been considered qualitative with 2 
either a monogenic inheritance including resistance to races 1, 5 and 6 of F. oxysporum f. 3 
sp. pisi, and races 3 and 5 of F. oxysporum f. sp. ciceri or oligogenic including resistance to 4 
race 1A, 2 and 4 of F. oxysporum f. sp. ciceri  that is confer by 2 to 3 genes (23). Previous 5 
studies on the tetraploid alfalfa indicated that resistance to Fome in this plant species is also 6 
qualitative and controlled by at least two genes, one completely dominant, FW1, and one 7 
with an additive effect, FW2 (21). In the present study, we detected a continuity of 8 
responses from highly resistant to highly susceptible with most accessions presenting 9 
moderate to low levels of resistance to Fome. Such continuity would support the existence 10 
of quantitative resistance mechanisms in the M. truncatula collection. This is similar to the 11 
situation recently observed in a pea collection in response to one isolate of F. oxysporum f. 12 
sp. pisi race 2 (3) although genetic analysis of the resistance of these M. truncatula 13 
accession would be needed to confirm this hypothesis. 14 
 15 
In the present study, two different isolates of Fome were used to confirm the resistance 16 
phenotypes of selected accessions. Both isolates were pathogenic on susceptible accessions 17 
such as PI 577607 and PI 516927 although the second isolate was strongly reduced in 18 
virulence compared to the isolate used to screen the whole M. truncatula collection (Fig. 3). 19 
Variation in virulence between Fome isolates was often found when comparing isolates 20 
from different origin (15,25). In previous reports, despite the difference in virulence, 21 
accession responses to different strains use to follow a similar pattern (17,25) as we 22 
observed in the present experiments (Fig. 3). A similar pattern of response was also 23 
observed after inoculation of two susceptible genotypes (A17 and F83008.5) with three 24 
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isolates of Fome (35). The fact that plant response to different Fome isolate followed 1 
similar trends would indicate the lack of physiological specialization of Fome although 2 
molecular characterisation of these isolates and testing more Fome isolates would be 3 
needed to ascertain this hypothesis. 4 
 5 
The screening of a large collection of M. truncatula for resistance to Fome  allow to 6 
identified a variety of responses that would be very valuable to characterise better the 7 
defence mechanisms that participate in F. oxysporum resistance at cellular and molecular 8 
level. In particular the identification of 12 resistant accessions with complete resistance will 9 
be very valuable tool to confer resistance to F. oxysporum in legume crops. 10 
 11 
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 TABLE 1. Disease rating of a representative selection of M. truncatula accessions to F. 1 
oxysporum f. sp. medicaginis isolate MIAE00930 (Fome2). Accessions were chosen 2 
following the screening of the whole collection against this Fome isolate (Supplementary 3 
table 1)  4 
Accessions Class.a 
Disease Index
b,c 
AUDPC
b,c 
10 dpi 20 dpi 30 dpi 
W6 5976 R 1.17 ± 0.08
a 
1.36 ± 0.17
a 
2.16 ± 0.42
a 
16.1 ± 5.29
a 
PI 577600  R 1.02 ± 0.00
a 
1.61 ± 0.24
a 
2.06 ± 0.23
a 
17.8 ± 4.64
a 
PI 577629 R 1.03 ± 0.09
a 
1.38 ± 0.20
a 
2.56 ± 0.38
a 
21.1 ± 4.46
a 
PI 577640 R 1.48 ± 0.20
a 
1.78 ± 0.41
a 
1.93 ± 0.44
a 
23.2 ± 10.30
a 
PI 577618 R 1.22 ± 0.14
a 
1.82 ± 0.17
a 
3.02 ± 0.22
a 
31.8 ± 3.23
a 
PI 577646 R 1.25 ± 0.22
a 
1.54 ± 0.23
a 
3.38 ± 0.30
 
34.5 ± 5.30
a 
PI 577616 R 1.31 ± 0.19
a 
2.31 ± 0.30
a 
3.23 ± 0.20
 
38.3 ± 6.03
a 
PI 577630 R 1.19 ± 0.11
a 
2.24 ± 0.24
a 
3.60 ± 0.37
 
41.9 ± 5.77
a 
PI 197358 R 1.34 ± 0.16
a 
2.80 ± 0.36
a 
3.51 ± 0.40
 
43.3 ± 7.50
a 
PI 535552 R 1.57 ± 0.24
a 
2.03 ± 0.34
a 
4.00 ± 0.32
 
46.9 ± 7.51
a 
PI 577645 R 1.94 ± 0.30
a 
2.22 ± 0.32
a 
3.58 ± 0.33
 
48.1 ± 8.21
a 
PI 197360 R 1.74 ±  0.20
a 
3.11 ± 0.22
 
3.43 ± 0.22
 
50.0 ± 5.34
 
PI 442892 R 2.35 ± 0.31
 
2.74 ± 0.38
b 
3.54 ± 0.37
 
54.6 ± 10.53
 
PI 535554 R 2.43 ± 0.47
 
2.74 ± 0.40
a 
3.54 ± 0.32
 
56.5 ± 10.26
 
PI 577619 R 2.26 ± 0.43
 
2.61 ± 0.43
a 
3.88 ± 0.31
 
56.7 ± 9.97
 
PI 577641 R 2.34 ± 0.28 2.95 ± 0.35
 
3.83 ± 0.24
 
61.3 ± 8.50
 
PI 384636 R 2.36 ± 0.33 3.67 ± 0.55
 
3.95 ± 0.55
 
65.9 ± 14.57
 
PI 516923 R 2.88 ± 0.46 3.56 ± 0.41
 
4.46 ± 0.23
 
76.6 ± 9.79 
PI 442895  P 2.75 ± 0.43 4.10 ± 0.33 4.24 ± 0.28
 
84.5 ± 8.16 
PI 283661 P 3.40 ± 0.35 3.70 ± 0.29
 
4.74 ± 0.40
 
86.0 ± 8.07 
PI 239878  S 5.03 ± 0.47
b 
7.62 ± 0.46
b 
8.17 ± 0.38
b 
181.3 ± 13.27
b 
PI 577607 S 6.37 ± 0.29 8.95 ± 0.32 9.49 ± 0.24 216.6 ± 7.37 
PI 516927 S 6.58 ± 0.50 8.46 ± 0.37
b 
9.44 ± 0.31 221.0 ± 11.99 
a
Previous classification of accessions according to the result of the screening of the whole 5 
collection (Supplementary Table 1). R: resistant, P: partial resistance and S: susceptible. 6 
b
Data are means ± standard error of 15 replicates. 7 
c
Letter indicates that the accession is not significantly different from the (a) resistant PI 8 
577600 or (b) susceptible PI 239878 reference accessions as determined by ANOVA with 9 
contrast analysis at p = 0.05. 10 
 11 
 12 
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FIGURE CAPTIONS 1 
Figure 1. Assessment of Fusarium oxysporum f. sp. medicaginis (Fome) disease symptoms 2 
in the M. truncatula collection. A, The photographs represents the evolution of disease 3 
symptoms induced by Fome isolate MIAE00930 (Fome2) on susceptible M. truncatula 4 
accessions. Numbers within each photograph indicates its respective disease rating value 5 
based on a disease index scale ranging from 1 (healthy plant) to 10 (dead plant). B, 6 
Evolution of disease symptoms of different M. truncatula accessions differing in their 7 
susceptibility to Fome2. C, Distribution of M. truncatula accessions upon inoculation with 8 
Fome2 according to AUDPC values calculated from the evaluation of disease ratings. 9 
 10 
Figure 2. Assessment of disease response to F. oxysporum f. sp. medicaginis of the M. 11 
truncatula collection after classification of accessions according to type of material (A) and 12 
geographical origin (B). Histograms represent the mean AUDPC value for each group 13 
calculated from the evaluation of disease ratings. Vertical bars are standard errors. Numbers 14 
indicate the number of M. truncatula accessions. 15 
 16 
Figure 3. Comparison of the response of 12 selected accessions to two isolates of F. 17 
oxysporum f. sp. medicaginis (Fome). Solid and open bars indicate plants inoculated with 18 
MIAE00930 (Fome 2) and MIAE01129 (Fome 1) respectively. Data are means AUDPC 19 
values calculated from the evaluation of disease ratings of 10 replications. Vertical lines are 20 
the standard errors. 21 
 22 
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Supplementary Table 1: Disease ratings of Medicago truncatula accessions to Fusarium 
oxysporum f. sp. medicaginis MIAE00930 (Fome2). 
Accessions Origin Material Disease Index
a,b 
AUDPCa,b 10 dpi 20 dpi 30 dpi 
PI 442892  Cultivar 1.29 ± 0.00a 1.29 ± 0.00a 1.93 ± 0.32a 8.5 ± 4.2a 
PI 577640  Cultivar 1.22 ± 0.18a 1.36 ± 0.30a 1.43 ± 0.35a 11.0 ± 8.00a 
PI 384636 Morocco Wild 1.29 ± 0.00a 1.61 ± 0.28a 1.93 ± 0.32a 11.3 ± 5.2a 
PI 577600 (R) Greece Wild 1.01 ± 0.01a 1.36 ± 0.30a 1.94 ± 0.28a 14.2 ± 4.8a 
PI 577641  Cultivar 1.00 ± 0.00a 1.00 ± 0.00a 3.50 ± 0.00 20.3 ± 0.3a 
PI 577618 Greece Wild 1.00 ± 0.00a 1.40 ± 0.22a 2.60 ± 0.43a 20.8 ± 3.7a 
PI 197360 Malta  1.29 ± 0.00a 1.93 ± 0.32a 2.90 ± 0.70a 20.9 ± 5.8a 
PI 535554 Tunisia Wild 1.00 ± 0.00a 1.33 ± 0.27a 3.33 ± 0.98a 25.0 ± 7.4a 
W6 5976 Greece Wild 1.24 ± 0.07a 1.36 ± 0.02a 3.19 ± 0.84a 25.6 ± 7.9a 
PI 577629  Cultivar 1.01 ± 0.01a 1.36 ± 0.30a 3.24 ± 0.32a 27.4 ± 0.1a 
PI 577645 Tunisia Wild 1.00 ± 0.00a 1.00 ± 0.00a 4.00 ± 0.00 27.9 ± 1.7a 
PI 535552 Tunisia Wild 1.00 ± 0.00a 1.33 ± 0.27a 4.33 ± 0.27 30.0 ± 1.2a 
PI 577619 Tunisia Wild 1.00 ± 0.00a 1.20 ± 0.18a 4.30 ± 0.48 33.0 ± 4.4a 
PI 197358   1.29 ± 0.00a 3.22 ± 0.72b 2.90 ± 0.53a 33.8 ± 10.6a 
PI 577646 Tunisia Wild 1.00 ± 0.000a 1.10 ± 0.09a 4.00 ± 0.00 34.5 ± 2.8a 
PI 535614 Tunisia Wild 1.00 ± 0.00a 2.00 ± 0.50a 4.00 ± 0.35 39.1 ± 7.3a 
PI 577616  Cultivar 1.00 ± 0.00a 2.20 ± 0.66a 3.60 ± 0.36 41.0 ± 10.1a 
PI 577631 Italy Wild 1.00 ± 0.00a 1.67 ± 0.27a 4.17 ± 0.14 43.8 ± 3.0a 
PI 577620 Algeria Wild 1.00 ± 0.00a 2.33 ± 0.72a 3.67 ± 0.54 44.2 ± 14.1a 
PI 535616 Tunisia Wild 1.00 ± 0.00a 2.33 ± 0.54a 4.67 ± 0.27 44.6 ± 3.3a 
PI 516925 Morocco Wild 1.29 ± 0.00a 2.45 ± 0.46a 5.15 ± 0.00 46.4 ± 5.4a 
PI 577639  Wild 1.00 ± 0.00a 2.80 ± 0.44a 4.00 ± 0.00 47.8 ± 3.9a 
PI 577630 Italy Wild 1.00 ± 0.00a 2.50 ± 0.56a 4.25 ± 0.13 47.8 ± 4.3a 
PI 577638  Wild 1.67 ± 0.54a 1.67 ± 0.54a 4.00 ± 0.00 48.0 ± 8.6a 
PI 516923 Morocco Wild 1.29 ± 0.00a 2.58 ± 0.52a 5.15 ± 0.36 49.0 ± 3.6a 
PI 535615 Tunisia Wild 1.40 ± 0.36a 2.20 ± 0.52a 4.00 ± 0.00 49.8 ± 8.9a 
PI 505438  Cultivar 1.29 ± 0. 00a 3.35 ± 0.28 4.38 ± 0.46 50.6 ± 4.8 
PI 577614 Malta Wild 1.00 ± 0.00a 3.25 ± 0.22 4.13 ± 0.11 54.4 ± 3.47 
PI 535553 Tunisia Wild 1.00 ± 0.00a 2.33 ± 1.09a 4.83 ± 0.49 55.8 ± 11.0 
W6 5978 Greece Wild 1.23 ± 0.05a 3.39 ± 0.28 4.87 ± 0.30 58.5 ± 4.2 
W6 4980 France Wild 1.84 ± 0.29a 2.96 ± 0.55 4.77 ± 0.20 58.8 ± 6.9 
PI 516940 Morocco Wild 1.29 ± 0.00a 2.90 ± 0.70a 5.80 ± 0.32 60.0 ± 8.4 
W6 5988 Cyprus Wild 1.37 ± 0.00a 1.37 ± 0.00a 7.37 ± 0.56 60.0 ± 6.7 
W6 6017  Cultivar 1.37 ± 0.00a 1.37 ± 0.00a 7.54 ± 0.32 61.7 ± 1.6 
W6 5991 France Wild 1.37 ± 0.00a 2.47 ± 0.60a 6.45 ± 0.46 62.8 ± 6.2 
PI 577599 Greece Wild 2.50 ± 0.75a 2.88 ± 0.94a 4.00 ± 1.00 63.0 ± 25.3 
PI 384662 Morocco Wild 1.80 ± 0.28a 3.09 ± 0.28 5.28 ± 0.12 63.2 ± 3.1 
PI 190082  Cultivar 2.58 ± 1.05a 3.44 ± 0.70 4.29 ± 0.70 63.8 ± 20.7 
PI 577602 Greece Wild 2.00 ± 0.35a 3.25 ± 0.22 3.75 ± 0.22 64.5 ± 3.9 
PI 283661 Cyprus  2.00 ± 0.57a 2.58 ± 0.61a 6.66 ± 0.46 65.0 ± 5.1 
PI 577603 Cyprus Wild 1.29 ± 0.00a 2.80 ± 0.72a 5.00 ± 0.40 66.0 ± 16.9 
PI 384648 Morocco Wild 1.55 ± 0.23a 3.61 ± 0.57 5.67 ± 0.22 66.5 ± 3.0 
W6 6002 France Wild 1.37 ± 0.00a 1.37 ± 0.00a 8.06 ± 0.15 66.9 ± 2.2 
PI 239877 Morocco  1.80 ± 0.28a 3.09 ± 0.28 5.15 ± 0.00 67.1 ± 5.9 
W6 5985 Cyprus Wild 1.37 ± 0.00a 3.43 ± 1.03 6.69 ± 0.37 67.3 ± 9.7 
PI 384645 Morocco Wild 1.55 ± 0.23a 4.12 ± 0.67 4.90 ± 0.57 67.5 ± 10.0 
PI 577625 Morocco Wild 1.40 ± 0.22a 3.00 ± 0.40 5.20 ± 0.18 67.6 ± 6.0 
PI 566886 Italy Wild 1.00 ± 0.00a 3.98 ± 0.19 4.69 ± 0.19 68.3 ± 0.5 
PI 190087  Cultivar 1.29 ± 0.00a 3.74 ± 0.97 5.41 ± 0.76 68.3 ± 17.3 
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W6 5992 France Wild 1.65 ± 0.25a 1.65 ± 0.25a 7.96 ± 0.25 68.8 ± 4.9 
W6 5999 France Wild 1.71 ± 0.30a 2.06 ± 0.59a 6.69 ± 0.37 69.7 ± 8.0 
PI 190091  Cultivar 2.14 ± 0.45a 3.65 ± 0.60 4.64 ± 0.41 70.4 ± 10.9 
W6 6009 France Cultivar 1.37 ± 0.00a 1.92 ± 0.49a 8.09 ± 0.12 70.6 ± 4.0 
W6 6091 Algeria Wild 1.00 ± 0.00a 4.01 ± 0.13 4.22 ± 0.00 71.0 ± 1.4 
PI 469100  Cultivar 1.93 ± 0.56a 4.03 ± 0.73 4.99 ± 0.35 71.3 ± 12.2 
PI 535618 Tunisia Wild 2.58 ± 0.67a 3.05 ± 0.82a 4.46 ± 0.19 72.5 ± 19.4 
W6 6020  Cultivar 2.12 ± 0.53a 4.24 ± 0.00 4.24 ± 0.00 73.3 ± 5.6 
W6 6012  Cultivar 2.02 ± 0.33a 3.77 ± 0.32 5.07 ± 0.27 73.5 ± 5.9 
W6 5964 Italy Wild 2.10 ± 0.36a 3.51 ± 0.47 4.78 ± 0.18 73.7 ± 8.0 
W6 5968 Greece Wild 1.37 ± 0.00a 3.02 ± 0.46 7.96 ± 0.15 74.1 ± 3.3 
W6 6019  Cultivar 1.16 ± 0.09a 4.20 ± 0.03 5.34 ± 0.90 74.5 ± 2.8 
PI 577608 France Wild 1.00 ± 0.00a 4.17 ± 0.49 5.00 ± 0.00 75.8 ± 5.4 
W6 5022 Italy Wild 1.37 ± 0.00a 2.74 ± 0.69a 8.23 ± 0.00b 77.2 ± 5.2 
PI 535551 Tunisia Wild 2.20 ± 0.28a 3.88 ± 0.26 4.47 ± 0.11 78.7 ± 2.8 
W6 5966 Italy Wild 1.37 ± 0.00a 3.43 ± 0.59 7.72 ± 0.51 78.9 ± 7.2 
W6 6069 Algeria Wild 1.22 ± 0.20a 4.22 ± 0.17 4.71 ± 0.13 79.7 ± 4.1 
PI 516924 Morocco Wild 2.32 ± 0.57a 3.35 ± 0.69 6.18 ± 0.57 80.0 ± 9.5 
PI 190089  Cultivar 1.80 ± 0.46a 4.38 ± 0.59 5.28 ± 0.12 80.3 ± 10.3 
PI 516942 Morocco Wild 2.06 ± 0.46a 3.35 ± 0.78 6.18 ± 0.43 81.4 ± 6.6 
PI 384660 Morocco Wild 2.32 ± 0.67a 4.12  ± 0.43 5.41 ± 0.23 82.6 ± 9.9 
W6 5997 France Wild 1.37 ± 0.00a 4.39 ± 0.25 7.96 ± 0.15 82.6 ± 3.2 
W6 6097 Italy Wild 1.08 ± 0.07a 4.01 ± 0.13 5.06 ± 0.13 82.7 ± 1.7 
W6 5986 Cyprus Wild 2.63 ± 0.37 4.22 ± 0.28 4.52 ± 0.24 82.7 ± 5.9 
W6 5969 Greece Wild 2.82 ± 0.44 3.58 ± 0.37 5.47 ± 0.30 83.1 ± 5.6 
W6 5965 Italy Wild 2.47 ± 0.60a 3.57 ± 0.49 6.58 ± 0.25 83.1 ± 9.5 
W6 6090 Morocco Wild 2.11 ± 0.00a 3.98 ± 0.19 4.57 ± 0.17 84.6 ± 2.9 
PI 384659 Morocco Wild 1.29 ± 0.00a 5.15 ± 0.61 6.01 ± 0.35 84.8 ± 8.9 
PI 516935 Morocco Wild 2.90 ± 0.28 4.19 ± 0.28 5.15 ± 0.00 85.4 ± 2.8 
PI 493297 Portugal Wild 2.83 ± 0.85 3.87 ± 0.73 5.15 ± 0.00 86.2 ± 12.6 
W6 5973 Greece Wild 1.37 ± 0.00a 4.46 ± 0.30 7.54 ± 0.34 86.6 ± 4.0 
PI 505437 Spain Wild 2.06 ± 0.46a 4.64 ± 0.78 6.44 ± 0.73 87.2 ± 14.5 
W6 5972 Greece Wild 1.37 ± 0.00a 4.39 ± 0.25 8.23 ± 0.00 88.1 ± 2.4 
PI 243884  Cultivar 2.32 ± 0.57a 4.12 ± 0.57 5.67 ± 0.28 88.7 ± 10.9 
W6 6120 Italy Wild 3.23 ± 0.39 4.13 ± 0.19 5.17 ± 0.58 89.3 ± 5.1 
PI 442896  Cultivar 3.61 ± 0.23 4.38 ± 0.28 4.90 ± 0.23 89.4 ± 6.4 
W6 6024 Malta Wild 2.16 ± 0.42a 4.53 ± 0.15 4.84 ± 0.07 90.2 ± 6.3 
PI 537150 Italy Wild 2.11 ± 0.00a 4.34 ± 0.19 5.16 ± 0.10 90.4 ± 2.4 
PI 535650 Tunisia Wild 1.44 ± 0.24a 4.57 ± 0.10 5.13 ± 0.13 90.8 ± 2.5 
W6 6015  Cultivar 2.62 ± 0.37 4.10 ± 0.45 6.21 ± 0.43 90.9 ± 6.7 
PI 442895  Cultivar 2.15 ± 0.70a 4.72 ± 0.35 5.15 ± 0.00 91.9 ± 5.8 
PI 535652 Tunisia Wild 2.03 ± 0.26a 4.36 ± 0.08 4.85 ± 0.12 92.0 ± 3.5 
W6 4996 Greece Wild 2.91 ± 0.78 3.43 ± 1.03 6.86 ± 0.24 92.2 ± 17.2 
PI 283662 Italy  1.29 ± 0.00a 5.93 ± 0.46 6.44 ± 0.36 93.1 ± 9.4 
W6 6119 Italy Wild 2.88 ± 0.28 4.36 ± 0.28 5.34 ± 0.56 93.3 ± 2.9 
W6 6118 Italy Wild 3.28 ± 0.57 4.34 ± 0.31 4.56 ± 0.28 93.7 ± 8.5 
PI 469099  Cultivar 3.87 ± 0.00 4.38 ± 0.22 5.15 ± 0.32 94.1 ± 4.5 
W6 6086 Morocco Wild 3.73 ± 0.19 3.73 ± 0.19 4.15 ± 0.06 95.0 ± 4.1 
PI 190084  Cultivar 1.29 ± 0.00a 4.99 ± 0.35 6.44 ± 0.46 95.0 ± 8.7 
W6 5977 Greece Wild 1.92 ± 0.49a 4.80 ± 0.39 8.23 ± 0.00 95.7 ± 7.0 
PI 197341  
 2.58 ± 0.64a 4.19 ± 0.53 6.44 ± 0.46 96.0 ± 14.5 
W6 4998 France Wild 1.37 ± 0.00a 4.63 ± 0.28 7.89 ± 0.17 96.0 ± 4.4 
PI 577609  Cultivar 1.40 ± 0.36a 5.00 ± 0.14 6.10 ± 0.09 96.3 ± 3.0 
PI 566887 Greece Wild 2.91 ± 0.58 4.90 ± 0.51 5.17 ± 0.29 96.7 ± 12.0 
PI 535739 Lybia Wild 3.02 ± 0.53 3.96 ± 0.14 4.83 ± 0.16 96.8 ± 6.9 
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PI 239875 Algeria Wild 1.80 ± 0.46a 4.77 ± 0.50 6.96 ± 0.46 97.0 ± 11.2 
PI 384649 Morocco Wild 2.58 ± 0.52 5.02 ± 0.12 6.96 ± 0.46 97.3 ± 7.4 
PI 535648 Tunisia Wild 2.95 ± 0.37 4.22 ± 0.22 4.92 ± 0.17 97.5 ± 7.4 
W6 6025 Italy Wild 3.52 ± 0.26 4.08 ± 0.08 4.57 ± 0.10 97.7 ± 3.3 
PI 577615 Italy Wild 3.00 ± 1.06 4.50 ± 0.53 5.25 ± 0.55 97.8 ± 18.1 
W6 5970 Greece Wild 2.33 ± 0.78a 4.61 ± 0.36 7.02 ± 0.72 98.0 ± 4.2 
W6 6107 Italy Wild 2.38 ± 0.69a 4.76 ± 0.46 4.98 ± 0.41 98.1 ± 7.3 
W6 6063 Algeria Wild 3.52 ± 0.20 3.73 ± 0.19 4.50 ± 0.12 98.1 ± 3.8 
PI 577624 Algeria Wild 1.75 ± 0.65a 5.13 ± 0.45 5.75 ± 0.22 99.0 ± 9.0 
W6 5018 Italy Wild 2.86 ± 0.64 4.82 ± 0.47 6.16 ± 0.71 99.1 ± 10.5 
W6 6011  Cultivar 2.06 ± 0.59a 4.46 ± 0.30 8.23 ± 0.00b 99.1 ± 6.1 
W6 6047 Tunisia Wild 3.09 ± 0.15 4.22 ± 0.00 5.20 ± 0.12 100.1 ± 2.3 
PI 566888  Cultivar 3.71 ± 0.46 4.50 ± 0.58 4.90 ± 0.43 100.3 ± 11.8 
W6 6106  Cultivar 3.60 ± 0.16 4.43 ± 0.16 4.78 ± 0.07 100.7 ± 2.4 
W6 6112 Italy Wild 3.80 ± 0.25 4.01 ± 0.19 4.64 ± 0.12 101.5 ± 4.0 
W6 5990 France Wild 1.37 ± 0.00a 4.46 ± 0.30 8.74 ± 0.15b 101.6 ± 3.6 
W6 6078 Morocco Wild 4.01 ± 0.13 4.01 ± 0.13 4.36 ± 0.08 101.9 ± 2.1 
W6 6048 Tunisia Wild 3.52 ± 0.17 3.73 ± 0.13 4.92 ± 0.14 102.0 ± 3.4 
W6 6027 Malta Wild 4.02 ± 0.13 4.22 ± 0.15 4.52 ± 0.09 102.1 ± 3.2 
W6 6028 Italy Wild 3.58 ± 0.21 4.24 ± 0.16 4.84 ± 0.10 102.4 ± 2.9 
W6 6042 Greece Wild 4.06 ± 0.10 4.14 ± 0.13 4.14 ± 0.12 102.5 ± 2.5 
W6 5974 Greece Wild 1.83 ± 0.37a 4.80 ± 1.41 8.69 ± 0.37b 102.7 ± 16.9 
PI 197361  
 2.06 ± 0.69a 5.61 ± 1.45 5.55 ± 1.63 102.7 ± 42.0 
PI 469102  Cultivar 1.29 ± 0.00a 5.58 ± 0.35 6.23 ± 0.63 103.1 ± 9.5 
W6 6030 Italy Wild 3.28 ± 0.19 3.98 ± 0.25 5.16 ± 0.10 103.6 ± 2.6 
W6 6060 Algeria Wild 3.55 ± 0.13 4.30 ± 0.14 4.80 ± 0.10 104.0 ± 2.9 
PI 190086  Cultivar 1.29 ± 0.00a 6.87 ± 0.93 6.01 ± 0.70 104.1 ± 22.4 
W6 6084 Morocco Wild 4.08 ± 0.13 4.15 ± 0.06 4.43 ± 0.08 104.3 ± 2.7 
PI 577611  Cultivar 4.00 ± 0.00b 4.67 ± 0.54 4.83 ± 0.49 104.3 ± 9.9 
W6 6082 Morocco Wild 4.15 ± 0.25 4.15 ± 0.25 4.36 ± 0.16 104.4 ± 6.5 
PI 384665 Morocco Wild 3.09 ± 0.69 5.15 ± 0.36 6.18 ± 0.23 104.7 ± 10.7 
PI 535548 Tunisia Wild 3.80 ± 0.25 4.08 ± 0.24 4.78 ± 0.16 105.2 ± 5.0 
W6 6052 Algeria Wild 3.87 ± 0.17 4.14 ± 0.07 4.77 ± 0.08 105.3 ± 2.0 
PI 384633 Morocco Wild 1.29 ± 0.00a 5.80 ± 0.39 6.60 ± 0.48 105.5 ± 8.6 
PI 517257  Cultivar 4.10 ± 0.10b 4.10 ± 0.10 4.45 ± 0.19 105.5 ± 3.3 
W6 5980 Greece Wild 2.74 ± 0.78 4.66 ± 0.30 8.09 ± 0.12 105.6 ± 12.2 
W6 6050 Tunisia Wild 3.59 ± 0.29 4.22 ± 0.20 5.06 ± 0.08 105.8 ± 3.7 
PI 577613 Italy Wild 3.20 ± 0.87 4.80 ± 0.34 5.60 ± 0.36 105.9 ± 13.7 
W6 6109 Italy Wild 3.34 ± 0.29 4.48 ± 0.08 5.01 ± 0.19 106.8 ± 3.0 
W6 6062 Algeria Wild 4.15 ± 0.10 4.38 ± 0.09 4.72 ± 0.05 106.8 ± 2.6 
W6 6066 Algeria Wild 3.94 ± 0.15 4.22 ± 0.00 4.78 ± 0.16 106.8 ± 2.2 
PI 535619 Tunisia Wild 3.81 ± 0.48 4.59 ± 0.47 5.26 ± 0.29 106.9 ± 12.6 
W6 6056 Algeria Wild 4.17 ± 0.24 4.64 ± 0.32 4.85 ± 0.16 107.0 ± 5.6 
W6 6010 France Wild 3.09 ± 0.89 3.77 ± 0.75 8.06 ± 0.15 107.2 ± 14.8 
PI 319051 Spain 
 3.54 ± 0.70 5.15 ± 0.46 5.80 ± 0.32 107.2 ± 9.9 
W6 5981 Greece Wild 1.65 ± 0.25a 3.84 ± 1.37 8.58 ± 0.32b 107.2 ± 20.6 
PI 190083  Cultivar 3.09 ± 0.59 5.15 ± 0.73 6.83 ± 0.39 107.3 ± 12.5 
W6 6093  Cultivar 4.23 ± 0.01b 4.46 ± 0.09 4.69 ± 0.19 108.5 ± 5.5 
W6 6001 France Wild 2.74 ± 1.12 5.03 ± 0.49 8.23 ± 0.00b 108.5 ± 18.6 
W6 6008  Cultivar 3.70 ± 0.86 4.94 ± 0.30 6.45 ± 0.31 108.6 ± 14.1 
W6 5987 Cyprus Wild 2.58 ± 0.70a 5.61 ± 0.61 6.63 ± 0.70 108.6 ± 13.0 
PI 535544 Tunisia Wild 4.01 ± 0.19 4.44 ± 0.12 5.07 ± 0.13 108.6 ± 3.7 
W6 6111 Italy Wild 3.87 ± 0.20 4.57 ± 0.10 4.99 ± 0.15 109.2 ± 3.4 
W6 6034  Cultivar 3.69 ± 0.29 4.31 ± 0.08 5.27 ± 0.12 109.2 ± 3.6 
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W6 6049 Tunisia Wild 4.22 ± 0.00b 4.22 ± 0.00 4.64 ± 0.06 109.9 ± 0.8 
W6 6096  Cultivar 3.52 ± 0.34 4.36 ± 0.34 5.20 ± 0.67 109.9 ± 12.8 
W6 6092 Tunisia Wild 3.80 ± 0.15 4.43 ± 0.08 4.92 ± 0.00 110.1 ± 2.0 
PI 577622 Algeria Wild 3.13 ± 0.67 4.63 ± 0.48 5.75 ± 0.22 110.5 ± 9.3 
W6 6076 Morocco Wild 4.36 ± 0.21b 4.57 ± 0.14 4.43 ± 0.13 110.7 ± 4.1 
W6 6022 Italy Wild 3.94 ± 0.25 4.36 ± 0.26 5.06 ± 0.13 111.1 ± 4.0 
W6 6023 Italy Wild 4.08 ± 0.31 4.22 ± 0.17 5.06 ± 0.08 111.3 ± 5.1 
W6 5963 Italy Wild 2.19 ± 0.49a 5.08 ± 0.98 7.82 ± 0.46 111.4 ± 16.6 
PI 464815 Turkey Wild 4.35 ± 0.42 5.15 ± 0.00 5.80 ± 0.32 111.6 ± 5.7 
W6 6031 Italy Wild 4.43 ± 0.08b 4.43 ± 0.08 4.57 ± 0.10 111.9 ± 2.4 
W6 6064 Algeria Wild 3.52 ± 0.35 4.82 ± 0.14 5.07 ± 0.07 112.1 ± 4.4 
W6 6087 Morocco Wild 4.39 ± 0.14b 4.48 ± 0.13 4.66 ± 0.07 112.4 ± 2.7 
PI 577627 Algeria Wild 3.50 ± 0.28 5.20 ± 0.34 5.90 ± 0.36 112.8 ± 8.7 
W6 6058 Algeria Wild 3.69 ± 0.29 4.48 ± 0.26 5.45 ± 0.09 113.4 ± 5.3 
W6 6044 Greece Wild 4.28 ± 0.05 4.51 ± 0.13 4.80 ± 0.18 113.6 ± 2.8 
PI 577434 Tunisia Wild 2.47 ± 0.30a 5.37 ± 0.32 5.90 ± 0.39 113.7 ± 3.4 
W6 6026 Italy Wild 4.68 ± 0.26b 4.74 ± 0.22 4.78 ± 0.15 113.8 ± 4.9 
W6 6073 Algeria Wild 4.36 ± 0.19b 4.50 ± 0.12 4.71 ± 0.13 113.8 ± 4.0 
W6 6035 Spain Wild 4.30 ± 0.35 4.68 ± 0.30 5.09 ± 0.26 114.3 ± 8.4 
PI 577623 Algeria Wild 3.80 ± 0.52 4.80 ± 0.52 5.80 ± 0.18 114.4 ± 10.6 
PI 537194 Malta Wild 3.28 ± 1.07 4.80 ± 0.42 5.51 ± 0.63 115.6 ± 14.6 
W6 6059 Algeria Wild 4.04 ± 0.15 4.75 ± 0.09 5.01 ± 0.08 115.7 ± 1.4 
PI 516933 Morocco Wild 4.83 ± 0.70b 5.15 ± 0.46 5.48 ± 0.28 115.8 ± 13.5 
W6 6000 France Wild 3.98 ± 0.68 5.21 ± 0.46 6.17 ± 0.27 116.0 ± 12.7 
W6 6089 Morocco Wild 4.57 ± 0.14b 4.71 ± 0.13 4.64 ± 0.12 116.7 ± 3.5 
W6 5983 Cyprus Wild 2.74 ± 0.69 5.83 ± 0.30 8.23 ± 0.00b 116.8 ± 10.1 
PI 577628 Spain Wild 4.40 ± 0.36b 4.90 ± 0.30 5.70 ± 0.27 116.8 ± 8.2 
W6 6054 Algeria Wild 4.22 ± 0.20b 4.64 ± 0.15 5.13 ± 0.13 117.1 ± 4.50 
PI 535550 Tunisia Wild 3.18 ± 0.37 5.65 ± 0.24 5.77 ± 0.15 117.3 ± 4.1 
PI 535622 Tunisia Wild 4.45 ± 0.19b 4.45 ± 0.19 5.04 ± 0.10 117.4 ± 3.7 
W6 6075 Algeria Wild 4.04 ± 0.15 4.66 ± 0.38 5.27 ± 0.53 117.6 ± 8.9 
PI 535546 Tunisia Wild 3.28 ± 0.51 5.04 ± 0.82 5.74 ± 0.53 117.7 ± 18.0 
W6 6094 Spain Wild 4.57 ± 0.14b 4.57 ± 0.14 4.92 ± 0.10 117.9 ± 3.4 
PI 577604 Cyprus Wild 4.10 ± 0.30 4.90 ± 0.30 5.70 ± 0.80 118.0 ± 13.6 
PI 535543 Tunisia Wild 3.66 ± 0.37 4.92 ± 0.33 5.55 ± 0.35 118.2 ± 8.4 
PI 292436 Israel  1.80 ± 0.46a 6.18 ± 0.53 6.83 ± 0.29 118.3 ± 9.4 
W6 6014  Cultivar 3.89 ± 1.04 4.80 ± 0.32 7.77 ± 0.37 118.8 ± 14.6 
PI 493296 Portugal Wild 1.29 ± 0.00a 6.60 ± 0.56 7.89 ± 0.48 118.8 ± 10.2 
PI 190090  Cultivar 1.45 ± 0.14a 7.09 ± 0.56 7.25 ± 0.62 119.1 ± 14.9 
W6 6142 Tunisia Wild 4.12 ± 0.00b 4.57 ± 0.37 8.23 ± 0.32b 119.2 ± 3.3 
W6 6116 Italy Wild 3.16 ± 0.47 5.13 ± 0.70 5.63 ± 0.55 119.4 ± 16.1 
W6 6072 Algeria Wild 4.29 ± 0.21b 4.78 ± 0.41 5.27 ± 0.40 119.5 ± 8.2 
W6 6079 Morocco Wild 4.71 ± 0.13b 4.71 ± 0.08 4.85 ± 0.18 120.3 ± 3.8 
PI 384647 Morocco Wild 4.19 ± 0.28b 5.80 ± 0.39 6.44 ± 0.46 121.8 ± 10.5 
PI 384656 Morocco Wild 4.38 ± 0.28b 5.15 ± 0.36 6.83 ± 0.35 122.8 ± 7.3 
W6 6104  Cultivar 4.22 ± 0.34b 4.99 ± 0.53 5.34 ± 0.39 122.9 ± 11.8 
PI 577610  Cultivar 2.33 ± 1.09a 6.00 ± 0.47 6.67 ± 0.76 123.1 ± 21.7 
W6 6085 Morocco Wild 4.57 ± 0.12b 4.92 ± 0.00 5.10 ± 0.15 123.3 ± 1.9 
W6 6055 Algeria Wild 4.36 ± 0.24b 5.06 ± 0.46 5.41 ± 0.44 123.7 ± 10.0 
PI 577598 Italy Wild 3.60 ± 0.67 5.70 ± 0.27 6.00 ± 0.28 123.7 ± 10.6 
PI 295607 Turkey Wild 3.09 ± 0.69 6.31 ± 0.67 7.09 ± 0.52 124.4 ± 14.3 
W6 6067 Algeria Wild 4.78 ± 0.13b 4.85 ± 0.06 5.20 ± 0.15 124.9 ± 2.5 
W6 6016  Cultivar 3.43 ± 0.55 5.49 ± 0.00 8.37 ± 0.12b 125.9 ± 5.7 
W6 6071 Algeria Wild 4.92 ± 0.00b 4.92 ± 0.00 5.06 ± 0.08 126.0 ± 0.9 
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PI 516945 Morocco Wild 4.40 ± 0.15b 5.20 ± 0.49 5.73 ± 0.53 126.2 ± 11.1 
PI 384655 Morocco Wild 3.87 ± 1.02 5.80 ± 0.56 6.76 ± 0.53 126.7 ± 15.3 
W6 6140 France Wild 3.66 ± 0.37 5.49 ± 0.00 8.23 ± 0.00b 126.9 ± 3.2 
W6 6102  Cultivar 5.38 ± 0.38b 5.38 ± 0.38 5.16 ± 0.39 128.0 ± 10.9 
W6 5998 France Wild 3.98 ± 0.79 5.49 ± 0.39 8.09 ± 0.12 128.3 ± 12.0 
W6 6095  Cultivar 4.39 ± 0.29b 5.27 ± 0.58 5.54 ± 0.47 129.6 ± 12.8 
PI 566890 Greece Wild 4.77 ± 0.46b 5.30 ± 0.38 6.09 ± 0.13 129.9 ± 3.1 
W6 6088 Morocco Wild 4.57 ± 0.27b 5.31 ± 0.41 5.39 ± 0.39 130.4 ± 10.5 
PI 516937 Morocco Wild 3.09 ± 0.69 6.31 ± 0.53 7.47 ± 0.23 130.5 ± 10.8 
PI 516950 Morocco Wild 4.75 ± 0.15b 5.27 ± 0.53 5.36 ± 0.49 130.7 ± 11.1 
PI 516929 Morocco Wild 3.61 ± 0.57 6.57 ± 0.69 7.22 ± 0.46 130.9 ± 13.6 
PI 384664 Morocco Wild 4.12 ± 0.43 6.44 ± 0.41 6.83 ± 0.23 131.3 ± 6.8 
PI 577642  Cultivar 5.00 ± 0.57b 5.40 ± 0.54 5.70 ± 0.39 131.5 ± 13.0 
W6 6040 Greece Wild 4.50 ± 0.32b 5.48 ± 0.57 5.63 ± 0.52 132.0 ± 12.7 
PI 535651 Tunisia Wild 4.50 ± 0.15b 5.34 ± 0.25 5.84 ± 0.34 134.2 ± 5.5 
W6 6029 Italy Wild 4.29 ± 0.06b 5.27 ± 0.49 6.12 ± 0.27 134.4 ± 7.1 
W6 6105 Italy Wild 4.99 ± 0.21b 5.13 ± 0.26 5.63 ± 0.43 135.7 ± 8.9 
PI 384650 Morocco Wild 2.83 ± 0.43 6.57 ± 0.69 7.86 ± 0.12 136.4 ± 12.2 
PI 577621 Algeria Wild 4.33 ± 0.72b 6.33 ± 0.27 6.33 ± 0.27 137.5 ± 11.3 
W6 6033 Malta Wild 4.48 ± 0.15b 5.71 ± 0.66 5.98 ± 0.52 137.9 ± 13.0 
PI 516934 Morocco Wild 5.28 ± 0.38b 6.18 ± 0.43 6.70 ± 0.43 141.3 ± 11.0 
PI 537168 Cyprus Wild 5.04 ± 0.10b 5.63 ± 0.57 5.98 ± 0.44 142.3 ± 9.5 
W6 6143 Algeria Wild 4.46 ± 0.51b 5.66 ± 0.15 8.92 ± 0.00b 142.9 ± 6.8 
W6 6100  Cultivar 4.66 ± 0.23b 5.80 ± 0.51 6.42 ± 0.44 144.4 ± 9.6 
W6 6098  Cultivar 5.40 ± 0.83b 5.76 ± 1.11 6.05 ± 1.21 145.0 ± 26.6 
W6 6032 Italy Wild 4.75 ± 0.15b 5.80 ± 0.26 5.98 ± 0.41 145.0 ± 8.7 
A17  Cultivar 5.37 ± 0.18b 6.66 ± 0.76 6.87 ± 0.35 145.1 ± 12.0 
PI 239873 Algeria  4.19 ± 0.84b 7.25 ± 0.27 7.09 ± 0.32 146.7 ± 11.2 
PI 516926 Morocco Wild 4.12 ± 0.43 7.22 ± 0.28 7.34 ± 0.23 147.1 ± 1.8 
W6 6103  Cultivar 5.20 ± 0.29b 6.16 ± 0.57 6.16 ± 0.57 147.8 ± 14.8 
PI 384634 Morocco Wild 5.02 ± 0.28b 6.31 ± 0.38 7.60 ± 0.28 148.2 ± 7.3 
PI 577643  Cultivar 3.40 ± 0.22 6.60 ± 0.96 7.40 ± 1.25 149.1 ± 25.5 
W6 6080 Morocco Wild 5.27 ± 0.24b 5.91 ± 0.50 5.98 ± 0.47 149.1 ± 12.1 
W6 6065 Algeria Wild 4.29 ± 0.51b 6.40 ± 0.43 6.68 ± 0.31 150.1 ± 12.8 
PI 516932 Morocco Wild 4.64 ± 0.42b 7.22 ± 0.34 7.34 ± 0.23 151.0 ± 7.1 
W6 6043 Greece Wild 4.71 ± 0.27b 6.26 ± 0.27 6.68 ± 0.31 151.6 ± 8.0 
W6 5979 Greece Wild 5.62 ± 0.41b 5.90 ± 0.25 8.37 ± 0.12b 153.9 ± 6.2 
W6 6113 Italy Wild 4.99 ± 0.15b 6.26 ± 0.35 6.75 ± 0.25 154.8 ± 5.9 
W6 6074 Algeria Wild 5.06 ± 0.16b 6.54 ± 0.29 6.68 ± 0.31 160.1 ± 7.6 
W6 6057 Algeria Wild 4.57 ± 0.14b 7.03 ± 0.00 7.03 ± 0.00 164.2 ± 1.7 
W6 6053 Algeria Wild 4.83 ± 0.08b 6.86 ± 0.15 7.03 ± 0.00 164.3 ± 2.7 
PI 292434 Israel  5.80 ± 0.36b 7.22 ± 0.34 7.73 ± 0.00 165.6 ± 5.4 
W6 6077 Morocco Wild 5.48 ± 0.13b 6.68 ± 0.14 7.03 ± 0.00 168.8 ± 3.2 
W6 6081 Morocco Wild 5.41 ± 0.19b 7.03 ± 0.00 7.03 ± 0.00 170.1 ± 1.7 
W6 6083 Morocco Wild 5.19 ± 0.23b 7.03 ± 0.00 7.03 ± 0.00 170.2 ± 1.6 
PI 516941 Morocco Wild 3.87 ± 2.10 7.20 ± 1.46b 8.49 ± 0.62b 176.9 ± 53.2b 
PI 516931 Morocco Wild 6.83 ± 0.23 7.99 ± 0.14b 7.99 ± 0.14 186.3 ± 2.8b 
PI 516928 Morocco Wild 5.41 ± 0.43b 8.31 ± 0.47b 8.31 ± 0.39b 189.9 ± 22.9b 
PI 239878 (S) Morocco  5.27 ± 0.63b 8.52 ± 0.51b 9.12 ± 0.34b 204.2 ± 16.3b 
PI 464816 Turkey Wild 5.75 ± 1.02b 8.50 ± 0.75b 9.38 ± 0.54b 208.9 ± 20.2b 
PI 516938 Morocco Wild 7.25 ± 0.62 8.70 ± 0.28b 8.87 ± 0.57b 220.5 ± 15.8b 
PI 284123 Cyprus  4.19 ± 0.95b 8.79 ± 1.05b 9.43 ± 0.49b 223.2 ± 29.5b 
PI 577607  Lebanon Wild 7.00 ± 0.42 9.40 ± 0.36b 10.00 ± 0.00 235.0 ± 7.8 
PI 516927 Morocco Wild 7.47 ± 0.43 9.48 ± 0.30b 10.00 ± 0.00 263.0 ± 17.3 
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aData are means ± standard error of 5 replicates. 
b
Letter indicates that the accession is not significantly different from the (a) resistant PI 
577600 or (b) susceptible PI 239878 reference accessions as determined by ANOVA 
with contrast analysis at p = 0.05 
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